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Figure S1: 1 H-NMR spectrum (500 MHz) of crystals of 1 dissolved in C 6 D 6 . The asterisk indicates residual solvent. The ethyl group resonances at 1.11 and 3.26 ppm (highlighted by arrows) are due to a small amount of zinc ethoxide impurity.
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Figure S2:
1 H NMR spectrum (500 MHz) of 1·THF-d 8 in C 6 D 6 . Compound 1·THF-d 8 is the same as 1 except that the THF protons are all deuterons. Resonances at 3.49, 2.80, 1.37, and 1.14 ppm in the 1 H NMR spectrum of 1 ( Figure S1 ) have disappeared. This result confirms that the unusually broad resonances at 2.80 and 1.14 ppm arise from THF..
Figure S3: VT-
1 H-NMR spectra (500 MHz) of the mixture of 1 and 2 produced by dissolving 1 in C 7 D 8 . The inset highlights the coalescence of the methyl groups, which is difficult to interpret owing to the overlap with the C 6 D 5 CD 2 H peak from the solvent. The expected quintet from C 6 D 5 CD 2 H is observed at high temperatures.
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Figure S4:
1 H-NMR spectra (500 MHz) of 1 dissolved in C 6 D 6 and in the presence of increasing amounts of THF. Labels for resonances corresponding to complex 1 and 2 are labeled for selected peaks. The intensity of 2 decreases with increasing THF while the intensity of 1 increases. The chemical shifts of 1 also shift with the increase in THF concentration. The THF peaks have been removed for clarity.
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Figure S5:
1 H-NMR spectrum (400 MHz) of 2 dissolved in toluene-d 8 . The peaks at 0.87 and 1.25 ppm correspond to pentane.
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Figure S6:
13 C{ 1 H}-NMR spectrum (500 MHz) of 2 dissolved in C 6 D 6 . The inset provides a close-up of the peaks near the solvent residual peak.
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Figure S7:
1 H NMR spectra (500 MHz) of 2 in C 6 D 6 including peak assignments and the same spectrum with addition of THF, Et 2 Zn, or both. The blue arrows indicate the presence of 1. The peaks between 0.8-1.0 ppm and an underlying multiplet at 1.19-1.23 ppm correspond to hexane and methylcyclopentane impurities in the Et 2 Zn solution. DOSY NMR data were recorded on a 400 MHz Bruker Avance spectrometer using the ledbpgp2s pulse program with sine shaped gradients. The gradient length was set to 1700 µs, the recovery delay to 0.1 ms, and the diffusion delay to 0.1 s. The data were collected at 298 K across 32 experiments ranging from 5% gradient strength to 95% gradient strength at linear increments.
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DOSY data analysis. Diffusion coefficients from the DOSY data were determined from fitting the exponential decay of intensity for each peak using the relaxation module in Bruker TopSpin 3. The average of the diffusion coefficients of each well resolved peak for a particular compound was used as its diffusion coefficient. Hydrodynamic radii (R H ) were determined by the Stokes-Einstein relation:
Here, k is the Boltzmann constant, T is temperature, η is the viscosity of the solvent, and D is the measured diffusion coefficient. X-ray radii (R X-ray ) were determined by dividing the unit cell volume of the crystal structure by Z and computing that volume by using the equation of a sphere. Figure S10 from that in Figure S9 , the diffusion coefficient from the "diethylzinc" peaks is significantly lowered. X-ray Data Collection and Refinement. Single crystals of 1, 2, and 3 were coated with Paratone oil and mounted on a Bruker SMART APEX CCD X-ray diffractometer using Mo Kα radiation (λ = 0.71073 Å). Data were collected at 100 K and the diffractometer was controlled by the APEX2 (v. 2010.1-2) software package.
2 SAINT 3 was used for data reduction and SADABS 4 was used to apply empirical absorption corrections for 1 and 3 and TWINABS 5 was used for 2. Initial solutions were determined by Patterson methods and were refined by full-matrix least squares based on F 2 of the data with the SHELXTL-97 software package for 1 and SHELX-2013 for 2 and 3.
6 PLATON was used to check for higher symmetry. 7 Non-hydrogen atoms were refined anisotropically. Hydrogen atoms were placed at idealized positions and refined using a riding model with the thermal parameters set to 1.5 (methyl hydrogen atoms) or 1.2 (non-methyl hydrogen atoms) times the equivalent isotropic displacement parameters of the atom to which they are attached. Refinement details and selected structural parameters for 1-3 are provided in the tables below. The number scheme used matches the cartoon above and not necessarily the numbers assigned in the X-ray structure.
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Refinement details for 1:
Structure solution and refinement for 1 was straightforward. Half the molecule sits in the asymmetric unit and the full molecule is generated by an inversion center located in the center of the two zinc centers. The numbering scheme matches the cartoon above and not necessarily the numbers assigned in the Xray structure determination files. S17 b The two metrics correspond to the two isomers located in the asymmetric unit respectively. Metrics for the minor components of the disordered atoms in 2 are not included. Tol groups and arrows demonstrate how rotation into the alternative configuration would switch the configuration along the entire chain by a domino effect.
Refinement details for 2:
In the solid state, compound 2 exists as mirror image isomers generated from a pseudo-C 3 axis along the Zn-Zn vector ( Figure S13 ). The conformation of one isomer affects that of the neighbor and, to a first approximation, in the solid state 2 exists as chains of alternating mirror image isomers along the c axis ( Figure S14) . A twin-law was applied for a second domain due to nonmerohedral twinning discovered by Cell_Now 8 (final contribution of the second domain was 26.2%).
The space group is and each asymmetric unit contains one of each enantiomer. Each molecule of 2 S18 has two zinc environments. Each molecule of 2 has disorder that involves the exchange of the two zinc O2-Zn1-O3 108.9(2) a The numbering scheme matches the cartoon above and not necessarily the numbers assigned in the Xray structure determination files. b The remaining four Zn-O4-Zn angles are related by symmetry and take one or the other value. 
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Refinement details for 3: Compound 3 crystalizes in the space group with Z equal to 3. As discussed in the text, the structure of 3 is composed of a T h -symmetric shell of Ar Tol groups and a T d basic zinc carboxylate core. The alignment of these symmetries creates a T-symmetric molecule to a first approximation in the solid state and 3 can be thought of as ΔΔΔΔ and ΛΛΛΛ isomers as shown in Figure S15 . Because the generation of T symmetry occurs at the intersection of the T d core and T h shell, the chirality is 'hidden' within the symmetric T h shell. Thus, for a racemic crystal, the orientation of the T d core is random throughout the lattice. This random distribution is observed in the Zn 4 O 13 tetrahedral core of the molecule, which sits on an inversion center and thus renders both enantiomers on the same average position. Indeed, the electron density within the T h shell shows a chemically unreasonable Zn 8 O cube surrounded by 24 oxygen atoms. The core disorder was modeled by setting the carboxylate oxygen atoms at half occupancy, the central oxygen on the inversion center at one sixth occupancy, the zinc atom on the three fold axis at one sixth occupancy, and the zinc atom that sits on a general position at half occupancy. The carboxylate -CO 2 -carbon was set at full occupancy. The Ar Tol wing is disordered across three parts and required restraints to be placed on the anisotropic parameters of all Ar Tol carbon atoms to orient in similar direction (the SIMU card in SHELX). These anisotropic parameter restraints add greater than 2000 restraints to the model, which increases the data-to-parameter ratio, which was 7.86 before restraints were added and 11.34 after. This increase makes the model pass the recommendation that data to parameter ratios for structures exceed 10. In addition, similarity restraints were applied to the benzene rings of the Ar Tol wings and the seven atom sets of the tolyl groups were restrained to lie in the same plane. The final occupancies of the three parts of the disorder are 39.5%, 38.9%, and 21.9%. The benzene carbon attached to the carboxylate group (C301) is the atom that is closest to its disorder counterparts and thus, despite anisotropic parameter restraints, remains oblate in shape.
